Tonsil-related complaints are very common among the adult population. Tonsillectomy under general anesthesia is currently the most performed surgical treatment in adults for such complaints. Unfortunately, tonsillectomy is an invasive treatment associated with a high complication rate and a long recovery time. Complications and a long recovery time are mostly related to removing the vascular and densely innervated capsule of the tonsils. Recently, CO 2 -lasertonsillotomy under local anesthesia has been demonstrated to be a viable alternative treatment for tonsil-related disease with a significantly shorter and less painful recovery period. The milder side-effect profile of CO 2 -lasertonsillotomy is likely related to leaving the tonsil capsule intact. The aim of the current report is to present a concise protocol detailing the execution of CO 2 -lasertonsillotomy under local anesthesia. This intervention has been performed successfully in our hospital in more than 1,000 patients and has been found to be safe and to be associated with a steep learning curve.
Introduction
Recurrent tonsil disease is a common health problem resulting in frequent visits to outpatient clinics, antimicrobial treatments, and missed work days 1 . Tonsillectomy 2 is currently the most used surgical intervention for tonsil-related complaints in adults. During a tonsillectomy, the patient is brought under general anesthesia and the entire tonsil, including the tonsil capsule, is removed followed by diathermy coagulation of any bleeding sites. This intervention is rather invasive and associated with significant post-operative morbidity and a long, typically painful, recovery period 3, 4 . An alternative to tonsillectomy is tonsillotomy, which is the partial intra-capsular removal of the tonsil tissue.
Both tonsillectomy and tonsillotomy have been performed for millennia 5, 6 . The first descriptions of subtotal tonsil removal date back to 1 BC 6 . Since that time many techniques for tonsil removal have been developed including the use of scalpels, microdebriders 7 , coblators 8 , electrosurgical scissors 9 , diode-lasers 10 , radiofrequency probes 11 and CO 2 -lasers 12 . CO 2 -lasertonsillotomy under local anesthesia (CO2LT) for the treatment of tonsil-related complaints is a fairly novel surgical treatment, which is gaining popularity as an alternative for the classic tonsillectomy. Recent studies have shown a shorter and less painful recovery period, but similar overall patient-satisfaction with CO2LT treatment when compared to conventional tonsillectomy 12, 13 . During a CO2LT the tonsil is locally anesthetized and only the lobules of lymphatic tonsillar tissue are removed. The tonsillar capsule, through which blood vessels, nerves and lymphatic vessels pass, is left intact. Leaving the tonsillar-capsule intact likely leads to a reduced rate of post-operative bleeding, reduced postoperative pain, and a shorter recovery time Very severe, affecting patient behavior Grade 5
and dental attendance and making treatment impossible. 
Discussion
This paper describes the steps to perform a CO2LT. To our knowledge, this is the first article to describe this intervention in such detail. Outpatient CO2LT under local anesthesia is a novel surgical method and therefore the presented procedural details have mostly been developed through hands-on experience of the authors.
As for any surgical intervention, pre-operative patient selection is important. For CO2LT, a relatively calm and cooperative patient without a procedure-restricting gag-reflex is desirable. Therefore, an adequate assessment of limitations due to patient anxiety pertaining to the procedure and gag-reflex are of great importance to reach consistent treatment effects. Furthermore, we advise not to perform CO2LT on patients with grade IV (Friedman grading), or "kissing-tonsils" because of the risks of damaging surrounding tissues with the laser-beam.
In our experience, leaving the tonsil capsule intact and limiting the tissue damage reduces post-operative pain, recovery time and post-operative morbidity compared to tonsillectomy under general anesthesia. This is in agreement with current literature 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 . Despite the potential incomplete resolution of tonsil disease with CO2LT, many patients prefer CO2LT over tonsillectomy when informed of their options. This preference has been consistently reported prospectively (pre-surgery) and retrospectively (at follow-up) 12 . We therefore believe that CO2LT fills a gap in treatment options for tonsil-related disease, both from the doctors' and the patients' perspective. Current ongoing studies should provide further insight into the value of CO2LT in adults with tonsil diseases 13 .
There is a wide variety of techniques and devices available to perform a tonsillotomy, each with its own potential pros and cons. Utilized surgical devices besides the CO 2 -laser include microdebriders, coblators, surgical scissors, radiofrequency ablation probes, interstitial thermal therapy instruments and diode lasers. There is no conclusive evidence favoring any one instrument over another for tonsillotomy in adults 27 .
Microdebriders, coblators and CO 2 -lasers are among the most frequently used instruments for tonsillotomy 28 . Reports on effectiveness, pain and postoperative complications vary, but current evidence suggests equal efficacy of tonsillotomy compared to tonsillectomy with less postoperative pain and complications 27, 28 , independent of the method of tonsillotomy.
Even though tonsil-surgery under local anesthesia has been described since decades, it is not performed often in current practice 16, 29, 30, 31 . Many otolaryngologists are uncomfortable with the idea of tonsil surgery under local anesthesia. This may partly be due to a lack of experience with this specific form of tonsil surgery as well as due to concerns over the airway and bleeding control 30 .
CO2LT has some clear logistical advantages. First, using only local anesthetics obviates the need for an anesthesia team. Second, the operation can be performed in the outpatient setting and there is no need for an operation room. Third, the surgical instruments used with CO2LT are non-disposable and only the laser pen needs to be sterilized after use. Sterilization of the laser pen is a simple procedure for any central sterile services department. These factors all lead to cost-reduction. On the other hand, the use of a laser requires a specialized intervention room meeting the local laser safety standards.
We currently exclude patients with a history of peritonsillar abscess because of the intrinsic risk in those patients of recurrent peritonsillar abscess (14%) 32 . The risk of recurrence is zero in patients after tonsillectomy 33 . In tonsillotomy, residual tissue may lead to a recurrence of an abscess. We also advise to exclude patients on anticoagulants or with bleeding disorders from treatment with CO2LT. Even though our experience is that bleeding sites can easily be managed with the CO 2 -laser, or if necessary, with bipolar coagulation. The fact that the patient is conscious and not intubated might complicate per-operative treatment of more profound bleeding due to decreased coagulation. If necessary, the patient can be brought under full anesthesia and the bleeding site can be stopped with diathermy or ligation, similar to postoperative bleeding after tonsillectomy. In our >1,000 patient experience, such an event has never occurred. We estimate the need to use bipolar coagulation under local anesthesia to be around 2% of cases.
Furthermore, as of yet we have never had to stop a CO2LT case early due to an uncooperative patient. Incidentally a strong gag-reflex has led to suboptimal laser-treatment of the lower part of the tonsil. In those cases, sending the patient home with our gag-reflex training scheme led to successful treatment of the remaining tonsil tissue during a subsequent CO2LT procedure. It is important to note that these numbers and procedural characteristics are based on personal experience of the authors at a single center and should be evaluated in further studies.
